We conducted an immersion test for fresh and precast concrete in Na 2 SO 4 solution of 5 g/L over 3 years. The water-to-binder ratio is 0.50 and the proportions of fly ash are 0-35%. The descent rate of compressive strength curve is regarded as the criterion, and the conclusions are as follows: (1) For corroded concrete, the compressive strength has a dividing point between strengthening phase and damage phase. The dividing point of precast concrete is 540-720d, and is not related to content of fly ash. The dividing point of fresh concrete is 180-720d, and is further delayed with an increase in content of fly ash. (2) The optimum value of fly ash for both fresh and precast concrete is 25%. (3) For non-corroded concrete, fly ash decreases the compressive strength before 180 days, and increases in a given time interval of 270-720d, but over long durations, the compressive strength is approximately the same regardless of fly ash content. (4) The sulfate corrosion resistance of precast concrete is higher than that of fresh concrete.
Introduction
When the groundwater and soil contain higher concentrations of SO 4 
2−
, concrete structures in direct contact with them are vulnerable to corrosion before the period of setting and hardening. This problem is essentially corrosion of fresh concrete. However, few studies have been conducted on the corrosion resistance of fresh concrete.
In 2011, Wang [1] designed the test whose age lasted for 270d. Owing to the short test age of this test, the compressive strength decreased very little or did not decrease at late age. Therefore, the variation of the compressive strength of corroded concrete and the differences between the corrosion resistance of fresh concrete and precast concrete could not be clearly obtained.
Since the first batch of tests failed to reach a clear conclusion during 270d. In 2013, Dong et al
Experimental Program

Test Materials and Mix Proportions
The cement and rank II fly ash are from the paper [3] . We used a particle-size gradation of 5-16 mm gravel as the coarse aggregate. Sand with a fineness modulus of 2.98 was used as the fine aggregate. We used anhydrous sodium sulfate powder as the corrosive medium and used running water as the mixing water. And precast conditions are given in Table 1 .
Specimen Preparation and Test Methods
We used a full-immersion test in the experiment. The Na 2 SO 4 solution was replaced every 60d during the test to maintain a constant concentration. And the concrete cubes were divided into three groups, given in Table 2 .
We adopted nine test exposure times (table 3) and tested the compressive strength at the end of each time and took the average as the compressive strength.
For precast concrete, the concrete specimens were cured for 30 days before immersion. Therefore, the actual age of these specimens was 30d older than the test ages.
Analysis and Discussion
Test Materials and Mix Proportions Variation of Compressive Strength of Non-corroded Concrete
The strengths of fresh and precast concrete are reported in Table 3 .
The strength values for concrete cubes of side length 10 cm, multiplied by 0.76 [4] , are converted to values for concrete cylinders (φ15×30cm), Data on the strength development of non-corroded concrete (type P-W) with or without fly ash are shown in Fig.1 . Fig.1 indicates that less strength is observed in concrete with fly ash than in concrete without fly ash at an early stage, and that the strength in concrete with fly ash increases more rapidly than the strength of concrete without fly ash at the same stage and the difference between their strength constantly decreases. Concrete with fly ash has fewer cement hydration products than concrete with fly ash because the fly ash replaces some of the cement clinker before 30d.Therefore, the strength of concrete with fly ash increases more quickly. Fig.1 also shows that the group FA35 concrete is the weakest among the four groups of concrete before 180 days, and is the strongest in the time interval of 270-720d.
Variation of Compressive Strength of Corroded Fresh and Precast Concrete
The Effect of Test Age on Corroded Fresh and Precast Concrete
Compressive strength development of fresh and precast concrete with different proportions of fly ash is plotted in Fig.2 and Fig.3 .
It is evident from Figs.2-3 that the strength of concrete initially increases with increasing age, but subsequently decreases with increasing age. The possible reasons for the observed behaviour of concrete are as follows. At the early age, the concrete pores are filled with the swelling ettringite and gypsum [5] , making the concrete denser and reinforcing its strength, which is the strengthening phase. At a late age, concrete porosity is relatively lower, and the continuous formation can't be accommodated [6] . An expansive force leads to the cracking of concrete and the enlargement and transfixion of these cracks [7] , which is the damage phase. The time, when the strength curves in Figs. 2-3 reach the maximum value, is taken as a reference value used to investigate the strength development of corroded fresh and precast concrete. In Table  3 , for precast concrete, the dividing time between the strengthening phase and the damage phase is between 540 and 720d in the precast concrete, and this time is not related to the content of fly ash.
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In Figs. 2-3, the initiation time of corrosion for fresh concrete is between 180 and 720d, which begin to be delayed as the content of fly ash increases. Fig.2 shows that before 180 days, the strength of precast concrete with fly ash is greater than that of concrete without fly ash, except that group FA25 and group FA35 are slightly weaker than group FA0 at 30 days. This is different from non-corroded concrete. The density of concrete with fly ash is less than the density of concrete without fly ash at an early age, which leads to greater infiltration. The strengthening action of sulfate increases the strength of the concrete, and the effect of this increase on the strength of concrete is greater than that of the reduction on strength by fly ash at the early stage [8] .
The effect of fly ash on corroded fresh and precast concrete
However, Fig.3 shows that the strength of fresh concrete with fly ash is less than the strength of concrete without fly ash before 180 days. Fresh concrete has not been fully hardened at an early age, and it is less compact than precast concrete. Little difference exists in the amount of Na2SO4 infiltrating the fresh concrete with different fly ash content. Therefore, fresh concrete with fly ash is not as strong as concrete without fly ash because of the inhibition of fly ash on the sulfate reaction. Fig.3 indicates that adding fly ash obviously can improve the corrosion resistance of fresh concrete. The descent rate of strength in group FA25 is the smallest of the three groups of concrete with fly ash at 900-1080d. But the concrete in group FA25 showed greater corrosion resistance.
It is evident from Fig.2 that each group of concrete has entered the damage phase, and the difference in permeability is slight and little difference in strength among each group of concrete is seen after 900d. Thereafter, the descent rate of strength curves after 900d is used to judge the influence of fly ash on the corrosion resistance of concrete.
The descent rate of the strength curve is defined as the ratio of the difference between the strength of concrete at 1080 and 900d to the difference in time at 1080d and 900d, given in Table 4 .
It is evident from Table 4 that the descent rate of the strength curve for concrete with fly ash is much smaller than that for concrete without fly ash. This finding indicates that the blending of fly ash has increased the corrosion resistance of precast concrete. And the precast concrete with a blend of 25% fly ash has the smallest descent rate and the greatest level of corrosion resistance.
The content of fly ash in concrete helps improve the sulfate corrosion resistance of fresh and precast concrete, and the fly ash has an optimum value. The strength of concrete increases along with an increasing amount of fly ash up to an optimum value, beyond which strength starts to decrease with the addition of any more fly ash.
Corroded fresh and precast concrete
Strength development of non-corroded concrete, corroded fresh concrete, and precast concrete with different fly ash content are shown in Figs.4-7 . Fig.4 illustrates that for concrete without fly ash, it reaches a maximum value at 900d and reduces by 7.7 MPa at 1080d, a decrease of only 11.34%. The concrete in type P-N is stronger than the concrete in type F-N after 720d. Hence, precast concrete without fly ash is more resistant to Na 2 SO 4 attack compared with fresh concrete without fly ash.
It can be seen from Figs.4-7 that the strength of all fresh and precast concrete in sulfate shows a descending trend after 900d. Although the strength curve has a single data point after 900d, it is reliable for analysis of corrosion resistance by age for 900-1080d. Therefore, the corrosion resistance of concrete thus can be judged by comparing the descent rate of strength curves at 900-1080d for each type of concrete. Table 5 shows the descent rate of the strength curves at 900-1080d of concrete in type P-N is smaller than that of concrete in type F-N. Hence, concrete with fly ash in type P-N is more resistant to the attack than that in type F-N.
Precast concrete cured for 28d has low porosity and has reached a relatively dense state. The penetration of sulfate solutions begins on the outside and moves slowly inward, and corrosion occurs only in concrete of a certain thickness from the surface to the interior. As cracks increase, sulfate solutions permeate into concrete and gradually corrode it [9] .
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The porosity of fresh concrete is lower than that of precast concrete at the same stage, and the pore size distribution of fresh concrete is more uniform. Thus, fresh concrete is stronger than precast concrete during the strengthening phase before 720d. After entering the damage phase, the cracks in fresh concrete develop more quickly than that in precast concrete after 900d. And the strength of fresh concrete decreases more rapidly than that of precast concrete after 900d.
Therefore, precast concrete with 28d of curing is more resistant to sulfate than fresh concrete.
Conclusion
The following conclusions are drawn: 1. For corroded fresh and precast concrete, the compressive strength of concrete can be divided into the strengthening phase and the damage phase along with an increase in the test age. The dividing point of precast concrete is between 540 and 720d, and it is not related to the content of fly ash. The dividing point of fresh concrete is between 180 and 720d, and it is further delayed with an increase in the content of fly ash.
2. For corroded fresh and precast concrete, substituting a certain amount of fly ash for cement of the same weight helps to improve the sulfate corrosion resistance. The amount of fly ash has an optimum value. In this study, the optimum value of fly ash for both the fresh and precast concrete is 25%.
3. For non-corroded concrete, fly ash decreases the compressive strength at an early age before 180d, and increases the compressive strength in a given time interval of 270 to 720d, but over long durations, the compressive strength is approximately the same regardless of fly ash content.
4. The sulfate corrosion resistance of precast concrete is higher than that of fresh concrete.
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